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Description

Technical Field

[0001] The invention relates to a semiconductor light
emitting element drive device and a lighting fixture with
the same.

Background Art

[0002] International Publication Number WO
2004/057921 A1 discloses a supply assembly for an LED
(a light emitting diode) lighting module, including a control
switch for supplying a constant current to the LED lighting
module. A dual switching signal composed of low fre-
quency bursts of high frequency pulses is applied to the
control switch. By varying the low frequency component
of the dual switching signal, the average current through
the LED lighting module may be varied in order to vary
the light intensity outputted by the LED lighting module.
Document EP 1 871 144 A1 discloses a drive device for
LEDs which includes a switching mode stage to provide
a drive current from a DC input to LEDs, and a current
sensor for producing a feedback signal. A feedback sig-
nal is compared with a reference value in order to gen-
erate a control signal, and a control circuitry controls the
switching mode stage so that the drive current is provided
to the LEDs as requested by the user.
[0003] In what is called a burst dimming system for
dimming such that a load current intermittently flows
through the LED lighting module, it is necessary to set
the module to a comparatively low frequency (about
120Hz) when the module is dimmed so that luminous flux
from the module becomes low.
[0004] In the burst dimming system, there is a concern
of visible flicker caused by interference with a specific
frequency of video equipment such as a video camera
when the LED lighting module is seen through the video
equipment. Because a load current intermittently flows
through the LED lighting module, thereby generating an
idle period during which no load current flows through
the module.
[0005] In an amplitude control system for varying a
peak value of a load current through an LED lighting mod-
ule, it is possible to reduce a possibility of generation of
visible flicker when the LED lighting module is seen
through the video equipment. Because, in the amplitude
control system, a load current continuously flows through
the LED lighting module.
[0006] However, if the amplitude control system is ap-
plied to the aforementioned LED lighting module having
an LED array, there is a problem that elements (LEDs)
of the LED array each have dispersion in brightness. Be-
cause the elements of the LED array have dispersion in
a forward voltage, and may have 15% or more dispersion
in some array or element types, and therefore a voltage
applied to the LED lighting module may decrease when
luminous flux from the module under dimming is low. The

problem becomes more marked as the number of LEDs
connected in series is increased.

Summary of Invention

[0007] It is an object of the present invention to sup-
press such visible flicker when a light source unit is shot
with video equipment, and also to reduce dispersion in
brightness among elements of the light source unit when
the unit is dimmed so that luminous flux from the unit
becomes low.
[0008] A semiconductor light emitting element drive
device (10) of the present invention comprises a direct-
current power supply circuit (1, 2 and 3), a converter cir-
cuit (5) and a current regulation circuit (6). The direct-
current power supply circuit (1, 2 and 3) is configured to
output direct-current power. The converter circuit (5) has
a first switching device (Q1) and is configured to input
the power outputted from the direct-current power supply
circuit (1 , 2 and 3) to variably control an ON width of the
first switching device (Q1), thereby supplying a load cur-
rent to a light source unit (9) comprising light emitting
elements (LD1). The current regulation circuit (6) com-
prises a series circuit, of an impedance component (R19
and R20) and a second switching device (Q2), connected
in parallel with the light source unit (9), and is configured
to variably control the load current through the light
source unit (9) by regulation of an ON width of the second
switching device (Q2). The control unit (7) is configured
to control ON and OFF of the first and second switching
devices (Q1 and Q2). The control unit (7) is further con-
figured to control the dimming ratio of the light source
unit (9). That is, if a dimming ratio of the light source unit
(9) is higher than a first ratio, the control unit (7) increases
the ON width of the first switching device (Q1) with the
second switching device (Q2) kept off when increasing
the dimming ratio of the light source unit (9), and also
decreases the ON width of the first switching device (Q1)
with the second switching device (Q2) kept off when de-
creasing the dimming ratio of the light source unit (9). If
a dimming ratio of the light source unit (9) is lower than
the first ratio, the control unit (7) regulates the ON width
of the second switching device (Q2) with the ON width
of the first switching device (Q1) held at a lower limit.
[0009] In an embodiment, the current regulation circuit
(6) comprises: a series circuit, of an impedance compo-
nent (R35 and R36) and a capacitor (C22), connected in
parallel with the light source unit (9); a third switching
device (Q4) adapted to discharge the capacitor (C22)
when the third switching device is turned on; and an in-
ductor (N2) placed along a discharge path of the capac-
itor (C22). In this embodiment, if the dimming ratio of the
light source unit (9) is lower than the first ratio, a pulse
voltage derived from an induced power of the inductor
(N2) generated when the third switching device (Q4) dis-
charges the capacitor (C22) is superposed on an output
of the converter circuit (5).
[0010] In an embodiment, an ON and OFF frequency
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of the second switching device (Q2) is set to a higher
frequency than that corresponding to a video equip-
ment’s shutter speed.
[0011] In an embodiment, an ON and OFF frequency
of the third switching device (Q4) is set to 120 Hz or more.
[0012] In an embodiment, the control unit (7) is config-
ured: to keep the third switching device (Q4) turned off
if the dimming ratio of the light source unit (9) is higher
than a second ratio; and also to control ON and OFF of
the third switching device (Q4) if the dimming ratio of the
light source unit (9) is lower than the second ratio.
[0013] In an embodiment, the control unit (7) compris-
es a microcomputer (IC4) configured to control ON and
OFF of at least one of the first to third switching devices
(Q1, Q2 and Q4) based on a dimming signal from outside.
[0014] A lighting fixture of the present invention com-
prises the semiconductor light emitting element drive de-
vice of any one of the embodiments. The lighting fixture
also comprises: the light source unit (9) which comprises
light emitting elements and is adapted to be driven with
the semiconductor light emitting element drive device;
and a fixture body in which the semiconductor light emit-
ting element drive device (10) and the light source unit
(9) are placed.
[0015] According to the present invention, it is possible
suppress visible flicker when a light source unit is shot
with video equipment, and also to reduce dispersion in
brightness among elements of the light source unit when
the unit is dimmed so that luminous flux from the unit
becomes low.

Brief Description of Drawings

[0016] Preferred embodiments of the invention will
now be described in further details. Other features and
advantages of the present invention will become better
understood with regard to the following detailed descrip-
tion and accompanying drawings where:

FIG. 1 is a circuit diagram of a semiconductor light
emitting element drive device in accordance with a
first embodiment of the present invention;
FIG. 2 is a graph showing a relationship between on-
duty of a dimming signal and light output;
FIG. 3 illustrates a waveform of a first control signal;
FIG. 4 is a circuit diagram of a semiconductor light
emitting element drive device in accordance with a
second embodiment of the present invention;
FIG. 5 is a graph showing a relationship between on-
duty of a dimming signal and light output;
FIG. 6A illustrates a waveform of a forward voltage
on which pulse voltages are superposed, and FIG.
6B is a graph showing fluctuation of the forward volt-
age and a forward current when the pulse voltages
are superposed on the forward voltage;
FIG. 7A is a circuit diagram of a buck converter, FIG.
7B is a circuit diagram of a buck converter, FIG. 7C
is a circuit diagram of a boost chopper, and FIG. 7D

is a circuit diagram of a boost chopper; and
FIG. 8 is a schematic structure chart of a lighting
fixture in accordance with a third embodiment of the
present invention.

Description of Embodiments

(FIRST EMBODIMENT)

[0017] FIG. 1 shows a circuit diagram of a semicon-
ductor light emitting element drive device 10 (hereinafter
referred to as a "drive device 10") in the embodiment.
The drive device 10 includes a filter circuit 1, a rectifier
circuit 2, a boost chopper circuit 3, a control power circuit
4, a flyback converter circuit 5, a current regulation circuit
6, a control unit 7 and an external dimmer 8. An input
power source for the drive device 10 is a commercial
power supply (E1), and the drive device 10 is configured
to supply an electric current to a light source unit 9 in-
cluding a plurality of (in the embodiment, e.g., 32) light
emitting diodes (LD1), thereby lighting the light source
unit 9, where the light emitting diodes correspond to light
emitting elements of the present invention. A configura-
tion of the drive device 10 is hereinafter explained.
[0018] The filter circuit 1 is formed of: an input terminal
(CN1) which can be connected to the commercial power
supply (E1); a current fuse (F1); a surge protector device
(SPD1); a filter capacitor (CF1); and a line filter (LF1).
The input terminal (CN1) is connected to an input terminal
of the line filter (LF1) through the current fuse (F1). Each
of the surge protector device (SPD1) and the filter ca-
pacitor (CF1) is also connected in parallel with the input
terminal of the line filter (LF1). An output terminal of the
line filter (LF1) is connected to an input terminal of a full-
wave rectifier (DB1) of the rectifier circuit 2. Thus, the
filter circuit 1 is configured to remove power supply noise
from the commercial power supply (E1).
[0019] The rectifier circuit 2 includes the full-wave rec-
tifier (DB1) that is formed of a diode bridge, and an output
terminal of the full-wave rectifier (DB1) is connected in
parallel with a capacitor (C1) for high frequency bypass.
A negative electrode of the output terminal of the full-
wave rectifier (DB1) is ground on a circuit board, and is
connected to ground in high frequency through a series
circuit of capacitors (C2 and C3), namely to a case (chas-
sis electric potential) in which a circuit block is placed.
[0020] The boost chopper circuit 3 includes: an induc-
tor (L1); a switching device (Q3) formed of a MOSFET;
a diode (D1); a smoothing capacitor (C4); and a PFC
control circuit (IC1).
[0021] A positive electrode of the output terminal of the
full-wave rectifier (DB1) is connected, through the induc-
tor (L1), to a drain terminal of the switching device (Q3)
and an anode terminal of the diode (D1). A source ter-
minal of the switching device (Q3) is connected to the
negative electrode of the output terminal of the full-wave
rectifier (DB1) through a current sensing resistor (R1). A
cathode terminal of the diode (D1) is connected to a pos-
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itive electrode of the smoothing capacitor (C4). The
smoothing capacitor (C4) is a large-capacity capacitor
such as an aluminum electrolytic capacitor or the like.
[0022] The boost chopper circuit 3 is configured to turn
the switching device (Q3) on and off at a high frequency
to boost an undulating voltage from the full-wave rectifier
(DB1) and also to smooth the undulating voltage through
the smoothing capacitor (C4), thereby outputting a direct-
current voltage (V1) (e.g., 410V).
[0023] In the embodiment, the filter circuit 1, the recti-
fier circuit 2 and the boost chopper circuit 3 correspond
to a direct-current power supply circuit of the present in-
vention.
[0024] The PFC control circuit (IC1) is formed of
L6562A made by STMicroelectronics, and has first to
eighth pins (P11-P18). The first pin (P11) (INV) is an in-
version input terminal of a built-in error amplifier (not
shown). The second pin (P12) (COMP) is an output ter-
minal of the error amplifier. The third pin (P13) (MULT)
is an input terminal of a built-in multiplication circuit (not
shown). The fourth pin (P14) (CS) is a terminal detecting
a chopper current. The fifth pin (P15) (ZCD) is a terminal
for detecting zero cross. The sixth pin (P16) (GND) is a
ground terminal. The seventh pin (P17) (GD) is a gate
drive terminal. The eighth pin (P18) (Vcc) is a power ter-
minal.
[0025] A voltage across the capacitor (C1) that is an
input voltage of the boost chopper circuit 3 is converted
into an undulating voltage by full wave rectification of an
alternating-current voltage from the commercial power
supply (E1). The undulating voltage is divided with a re-
sistor (R5) and a series circuit of resistors (R2-R4), and
noise is removed through a capacitor (C5). The voltage
(undulating voltage) across the capacitor (C5) is applied
to the third pin (P13) of the PFC control circuit (IC1), and
is detected with the PFC control circuit (IC1). The built-
in multiplication circuit connected to the third pin (P13)
is used for controlling so that waveform of an input current
from commercial power supply (E1) through the full-wave
rectifier (DB1) becomes similar form to waveform of the
undulating voltage.
[0026] A voltage across the smoothing capacitor (C4)
(the direct-current voltage (V1)) is divided with a series
circuit of resistors (R6-R9), and a series circuit of a re-
sistor (R10) and a variable resistor (VR1), and then ap-
plied to the first pin (P11) of the PFC control circuit (IC1).
Therefore, the voltage across the smoothing capacitor
(C4) (the direct-current voltage (V1)) is detected with the
PFC control circuit (IC1). Capacitors (C6 and C7) and a
resistor (R11) connected between the first and second
pins (P11 and P12) of the PFC control circuit (IC1) con-
stitute a feedback impedance of the built-in error ampli-
fier.
[0027] A voltage across the current sensing resistor
(R1) is applied to the fourth pin (P14) of the PFC control
circuit (IC1) through a noise filter circuit formed of a re-
sistor (R12) and a capacitor (C8). Therefore, an electric
current through the switching device (Q3) is detected with

the PFC control circuit (IC1).
[0028] One end (a first end) of a secondary winding
(L2) of the inductor (L1) is connected to the sixth pin (P16)
of the PFC control circuit (IC1), namely the circuit ground,
while the other end (a second end) of the secondary wind-
ing (L2) is connected to the fifth pin (P15) of the PFC
control circuit (IC1) through a resistor (R13). Therefore,
energy stored in the inductor (L1) is detected with the
PFC control circuit (IC1).
[0029] If an output level of the seven pin (P17), namely
the gate drive terminal of the PFC control circuit (IC1)
becomes HIGH, an electric current flows through a re-
sistor (R15) through a resistor (R14) and a voltage across
the resistor (R15) increases. The switching device (Q3)
is then turned on, if the voltage across the resistor (R15)
becomes equal to or higher than a threshold voltage be-
tween the gate and source of the switching device (Q3).
If the output level of the seven pin (P17) becomes LOW,
an electric charge stored between the gate and source
of the switching device (Q3) is discharged through a di-
ode (D2) and a resistor (R16) and the switching device
(Q3) is turned off.
[0030] The PFC control circuit (IC1) also turns the
switching device (Q3) off if a value of an electric current
through the switching device (Q3), detected through the
fourth pin (P14) reaches a predetermined peak value.
The PFC control circuit (IC1) also turns the switching
device (Q3) on if energy store in the inductor (L1), de-
tected through the fifth pin (P15) is discharged and be-
comes lower than a threshold.
[0031] The PFC control circuit (IC1) also controls so
that an ON time of the switching device (Q3) becomes
long if an undulating voltage detected through the third
pin (P13) is high, while the ON time of the switching de-
vice (Q3) becomes short if the undulating voltage is low.
[0032] The PFC control circuit (IC1) further controls so
that the ON time of the switching device (Q3) becomes
short if a value of a voltage across the smoothing capac-
itor (C4) (direct-current voltage (V1)), detected through
the first pin (P11) is higher than a target value, while the
ON time of the switching device (Q3) becomes long if the
value of the direct-current voltage (V1) is lower than the
target value. Thus, The PFC control circuit (IC1) controls
so that a value of a peak current through the switching
device (Q3) agrees with the target value.
[0033] The control power circuit 4 is formed of an IPD
device (IC2) connected to the smoothing capacitor (C4),
and a peripheral circuit. The IPD device (IC2) is what is
called an intelligent power device, and is formed of
MIP2E2D made by Panasonic Corporation. The IPD de-
vice (IC2) is a device having three pins of a drain terminal,
a source terminal and a control terminal, and is provided
therein with a switching device formed of a power MOS-
FET, and a control circuit configured to control ON and
OFF of the switching device. The built-in switching device
of the IPD device (IC2), an inductor (L3), a smoothing
capacitor (C9) and a diode (D3) constitute a boost chop-
per circuit. A zener diode (ZD1), a diode (D4), a smooth-
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ing capacitor (C10) and a capacitor (C11) constitute a
power supply circuit for the IPD device (IC2). A capacitor
(C12) for noise cut is connected to the drain terminal of
the IPD device (IC2).
[0034] The control power circuit 4 is configured to gen-
erate, across the smoothing capacitor (C9), a control
power voltage (VC1) obtained by stepping down a volt-
age (the direct-current voltage (V1)) across the smooth-
ing capacitor (C4). The control power voltage (VC1) is
employed as an operational power supply for the PFC
control circuit (IC1), and after-mentioned integrated cir-
cuits (a 3-terminal regulator (IC3), a microcomputer
(IC4), and a drive circuit (IC5) as a driver IC). Therefore,
the smoothing capacitor (C9) is not charged before the
IPD device (IC2) is activated, and accordingly other in-
tegrated circuits (IC1 and IC3-IC5) are not activated ei-
ther. An operation of the control power circuit 4 is here-
inafter explained.
[0035] At the beginning after the drive device 10 is con-
nected to the commercial power supply (E1), the smooth-
ing capacitor (C4) is charged by an output voltage of the
full-wave rectifier (DB1), and an electric current then
flows through a path of the drain terminal of the IPD de-
vice (IC2), the control terminal of the IPD device (IC2),
the smoothing capacitor (C10), the inductor (L3) and the
smoothing capacitor (C9). Accordingly, the smoothing
capacitor (C10) is charged and then supplies an operat-
ing voltage to the IPD device (IC2). The IPD device (IC2)
is activated, and then starts ON and OFF control of the
built-in switching device.
[0036] When the switching device of the IPD device
(IC2) is turned on, an electric current flows through a path
of the smoothing capacitor (C4), the drain terminal of the
IPD device (IC2), the source terminal of the IPD device
(IC2), the inductor (L3) and the smoothing capacitor (C9),
and the smoothing capacitor (C9) is charged. If the
switching device of the IPD device (IC2) is then turned
off, energy stored in the inductor (L3) is discharged into
the smoothing capacitor (C9) through the diode (D3). Ac-
cordingly, a circuit formed of the built-in switching device
of the IPD device (IC2), the inductor (L3), the diode (D3)
and the smoothing capacitor (C9) functions as a boost
chopper circuit. Consequently, a control power voltage
(VC1) obtained by stepping down a voltage (the direct-
current voltage (V1)) across the smoothing capacitor
(C4) is generated across the smoothing capacitor (C9).
[0037] When the switching device of the IPD device
(IC2) is turned off, regenerative energy (current) flows
via the diode (D3) and a voltage across the inductor (L3)
is clamped to a sum voltage (hereinafter referred to as
"a first sum voltage") of a voltage across the smoothing
capacitor (C9) and a forward voltage of the diode (D3).
A voltage across the smoothing capacitor (C10) becomes
a voltage obtained by subtracting a (second) sum voltage
of a zener voltage across the zener diode (ZD1) and a
forward voltage of the diode (D4) from the first sum volt-
age. The built-in control circuit of the IPD device (IC2)
performs ON and OFF control of the switching device so

that the voltage across the smoothing capacitor (C10)
becomes constant. As a result, the voltage across the
smoothing capacitor (C9) becomes constant as well.
[0038] If a control power voltage (VC1) is generated
across the smoothing capacitor (C9), the PFC control
circuit (IC1) is activated and the boost chopper circuit 3
is activated. In addition, the 3-terminal regulator (IC3) for
producing an operational power supply (5V) for the mi-
crocomputer (IC4), as well as the microcomputer (IC4)
and the drive circuit (IC5) are also activated. Accordingly,
ON and OFF control of a switching device (Q1) of the
flyback converter circuit 5 is started.
[0039] The flyback converter circuit 5 includes: a trans-
former (T1); the switching device (Q1) (a first switching
device) formed of a MOSFET; a diode (D5); and a
smoothing capacitor (C13). The flyback converter circuit
5 is configured to variably control ON pulse width (dura-
tion) of the switching device (Q1), thereby producing,
across the smoothing capacitor (C13), a direct-current
voltage obtained by stepping down the voltage across
the smoothing capacitor (C4) (the direct-current voltage
(V1)).
[0040] A positive electrode of the smoothing capacitor
(C4) is connected to one end (a first end) of a primary
winding (N1) of the transformer (T1), and a negative elec-
trode of the smoothing capacitor (C4) is connected to a
source terminal of the switching device (Q1). A drain ter-
minal of the switching device (Q1) is connected to the
other end (a second end) of the primary winding (N1). A
series circuit of resistors (R17 and R18) and a diode (D7)
is connected between both ends of the primary winding
(N1). A capacitor (C14) is connected in parallel with the
resistor (R18).
[0041] An anode terminal of the diode (D5) is connect-
ed to one end (a first end) of a first secondary winding
(N2) of the transformer (T1), while a cathode terminal of
the diode (D5) is connected to one end (a first end) of
the smoothing capacitor (C13) of, e.g., 1mF. The other
end (a second end) of the first secondary winding (N2)
is connected to the other end (a second end) of the
smoothing capacitor (C13). A voltage across the smooth-
ing capacitor (C13) is applied across the light source unit
9 through an output terminal (CN2). The current regula-
tion circuit 6 is also connected in parallel with the smooth-
ing capacitor (C13).
[0042] The current regulation circuit 6 includes: a re-
sistor (R19) of, e.g., 2.7kΩ and 3W rated power; a resistor
(R20) of, e.g., 2.7kΩ and 3W rated power; a switching
device (Q2) formed of a MOSFET; and a photo-coupler
(IC6).
[0043] The resistors (R19 and R20) as an impedance
component and the switching device (Q2) constitute a
series circuit and are connected in parallel with the
smoothing capacitor (C13). The photo-coupler (IC6) is
formed of TLP151 made by Toshiba Corporation and has
first to sixth pins (P61-P66) except a second pin. The
photo-coupler (IC6) is configured to turn the switching
device (Q2) on and off in accordance with a second con-
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trol signal (S2) from the microcomputer (IC4) of the con-
trol unit 7. In other words, the control unit 7 turns the
switching device (Q2) on and off through a driver (the
photo-coupler (IC6)). The photo-coupler (IC6) turns the
switching device (Q2) on and off with the photo-coupler
insulated from an output of the microcomputer (IC4).
[0044] The first pin (P61) of the photo-coupler (IC6) is
an anode terminal of a built-in diode, and is connected
to the microcomputer (IC4) through a resistor (R21) of,
e.g., 2.7kΩ. The third pin (P63) is a cathode terminal of
the built-in diode and is connected to the circuit ground.
The fourth pin (P64) is a ground terminal and is connected
to the second terminal of the first secondary winding (N2)
of the transformer (T1). The fifth pin (P65) is an output
terminal. A series circuit of a resistor (R22) of, e.g., 100Ω
and a resistor (R23) of, e.g., 15kΩ is connected between
the fourth and fifth pins (P64 and P65), and a junction of
the resistors (R22 and R23) is connected to a gate ter-
minal of the switching device (Q2). The sixth pin (P66)
is a power terminal to which a power supply voltage is
applied through a second secondary winding (N3) of the
transformer (T1). A series circuit of a diode (D6), a resis-
tor (R24) of, e.g., 100Ω and a capacitor (C15) is connect-
ed between both ends of the second secondary winding
(N3) of the transformer (T1). A series circuit of a resistor
(R25) of, e.g., 100Ω and a capacitor (C16) is connected
in parallel with the capacitor (C15). The sixth pin (P66)
is connected to a junction of the resistor (R25) and the
capacitor (C16). The switching device (Q1) is repeatedly
turned on and off and the capacitor (C15) is charged, and
thereby a voltage across the capacitor (C15) is applied
to the sixth pin (P66). That is, an output of the second
secondary winding (N3) is commutated and smoothed,
and power is then supplied to the photo-coupler (IC6).
[0045] If a second control signal (S2) from the micro-
computer (IC4) is supplied to the first pin (P61), the cur-
rent regulation circuit 6 turns the switching device (Q2)
on and off in synchronization with a level of the second
control signal (S2).
[0046] The control unit 7 includes the microcomputer
(IC4), and is configured to produce a rectangular-wave
signal (first and second control signals (S1 and S2)) for
turning on and off the switching device (Q1) of the flyback
converter circuit 5 and the switching device (Q2) of the
current regulation circuit 6 in accordance with an internal
program of the microcomputer (IC4).
[0047] The microcomputer (IC4) is formed of, e.g., 8
bit microcomputer 78K0/Ix2 made by Renesas Electron-
ics Corporation and has first to thirtieth pins (P401-P430).
[0048] A power supply voltage of the microcomputer
(IC4) is, e.g., 5V, and accordingly the control power volt-
age (VC1) generated through the control power circuit 4
is converted into a power supply voltage (VC2) of, e.g.,
5V for the microcomputer (IC4) through the 3-terminal
regulator (IC3). An input terminal of the 3-terminal regu-
lator (IC3) is connected to a positive electrode of the
smoothing capacitor (C9), while an output terminal of the
3-terminal regulator (IC3) is connected to the twenty-sev-

enth pin (P427) (a power terminal) of the microcomputer
(IC4). A capacitor (C17) is connected between the input
and ground terminals of the 3-terminal regulator (IC3),
and a capacitor (C18) is connected between the output
and ground terminals of the 3-terminal regulator (IC3).
The twenty-eighth pin (P428) (a ground terminal) of the
microcomputer (IC4) is connected to ground. Thus, the
3-terminal regulator (IC3) is configured to convert a volt-
age across the smoothing capacitor (C9) (the control
power voltage (VC1)) into the power supply voltage
(VC2) for the microcomputer (IC4) that is produced
across the capacitor (C18), thereby supplying power to
the microcomputer (IC4).
[0049] The twenty-second pin (P422) of the microcom-
puter (IC4) is connected to the external dimmer 8 through
a connector (CN3), and is supplied with a dimming signal
(Sd) from the external dimmer 8. The dimming signal (Sd)
is formed of a rectangular-wave signal having an ampli-
tude of, e.g., 5V and an oscillating frequency of, e.g.,
1kHz. A target dimming ratio of the light source unit 9 is
determined by an ON duty (Don1) of the dimming signal
(Sd), and becomes a maximum ratio of, e.g., 100% (full
lighting (power)) if the ON duty (Don1) is 0% and is more
decreased as the ON duty (Don1) is more increased. By
the program, the microcomputer (IC4) is configured to
read the ON duty (Don1), namely ON pulse width of the
dimming signal (Sd) and control ON and OFF of the
switching devices (Q1 and Q2) in accordance with the
ON duty (Don1).
[0050] The microcomputer (IC4) is configured to out-
put, from the nineteenth pin (P419), a first control signal
(S1) for controlling ON and OFF of the switching device
(Q1) in accordance with the ON duty (Don1) of the dim-
ming signal (Sd). Accordingly, the drive circuit (IC5) turns
the switching device (Q1) on and off in accordance with
the first control signal (S1). The microcomputer (IC4) is
a general-purpose IC, and accordingly other operation
is not explained in detail.
[0051] The drive circuit (IC5) is formed of MAX15070A
made by MAXIM corporation and has first to sixth pins
(P51-P56). The first pin (P51) is a positive input terminal,
and is connected to the nineteenth pin (P419) of the mi-
crocomputer (IC4) through a resistor (R26) of, e.g., 1kΩ
and supplied with a first control signal (S1). A junction of
the resistor (R26) and the nineteenth pin (P419) is also
connected to ground through a resistor (R27) of, e.g.,
100kΩ. The second pin (P52) is a ground terminal and
connected to ground. The third pin (P53) is a negative
input terminal and connected to ground. The fourth pin
(P54) is an output terminal (a SYNC output terminal) of
a built-in N-channel MOSFET and connected to a gate
terminal of the switching device (Q1) through a resistor
(R28) of, e.g., 10Ω. The fifth pin (P55) is an output ter-
minal (a source output terminal) of a built-in P-channel
MOSFET and connected to the gate terminal of the
switching device (Q1) through a resistor (R29) of, e.g.,
300Ω. The gate terminal of the switching device (Q1) is
also connected to ground through a resistor (R30). The
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sixth pin (P56) is a power terminal, and is connected to
the positive electrode of the smoothing capacitor (C9)
and also connected to ground through a capacitor (C19)
of, e.g., 0.1mF. The sixth pin (P56) is supplied with a
control power voltage (VC1) of, e.g., 15V
[0052] The drive circuit (IC5) amplifies a first control
signal (S1) having an amplitude of, e.g., 5V from the mi-
crocomputer (IC4) so that the amplitude becomes, e.g.,
15V, and supplies the amplified signal to the gate terminal
of the switching device (Q1), thereby turning the switch-
ing device (Q1) on and off. The drive circuit (IC5) is a
general-purpose IC, and accordingly a concrete opera-
tion is not explained in detail.
[0053] The microcomputer (IC4) is configured to out-
put, from the seventeenth pin (P417), a second control
signal (S2) for controlling ON and OFF of the switching
device (Q2) in accordance with the ON duty (Don1) of
the dimming signal (Sd). The photo-coupler (IC6) turns
the switching device (Q2) on and off in accordance with
the second control signal (S2). The seventeenth pin
(P417) of the microcomputer (IC4) is connected to the
first pin (P61) of the photo-coupler (IC6) through the re-
sistor (R21), and also connected to ground through a
resistor (R31).
[0054] A peripheral circuit is connected to the micro-
computer (IC4) according to usage environment. In the
embodiment, the twelfth pin (P412) is connected to the
output terminal of the 3-terminal regulator (IC3). The sev-
enth, eighth and ninth pins (P407, P408 and P409) are
connected to the output terminal of the 3-terminal regu-
lator (IC3) through resistors (R32, R33 and R34), respec-
tively. The tenth pin (P410) is connected to ground
through a capacitor (C20).
[0055] An operation of the drive device 10 in the em-
bodiment is next explained with FIG. 2 that is a graph
showing a light output (a dimming ratio) of the light source
unit 9 and a load current effective value through the light
source unit 9 with respect to an ON duty (Don1) of a
dimming signal (Sd).
[0056] As shown in FIG. 2, a target dimming ratio of
the light source unit 9 is set to a maximum ratio of, e.g.,
100% (a load current of 300mA) if an ON duty (Don1) of
a dimming signal (Sd) is in a first range (e.g., 0-5%). The
target dimming ratio is also set: to more decrease as the
ON duty (Don1) is more increased from an upper limit of
the first range (e.g., 5%) if the ON duty (Don1) is in a
second range (e.g., 5-50%); and to be a first ratio of, e.g.,
3% (a load current of 8mA) if the ON duty (Don1) reaches
an upper limit of the second range (e.g., 50%). The target
dimming ratio is further set: to more decrease at a more
gradual rate than that in the second range as the ON duty
(Don1) is more increased if the ON duty (Don1) is in a
third range (e.g., 50-95%); and to be a minimum ratio of,
e.g., 0% (extinction) if the ON duty (Don1) reaches 95%
or more. An operation for realizing such dimming control
is hereinafter explained. The first ratio (e.g., 3%) in the
embodiment is lower than the maximum ratio and higher
than the minimum ratio, and corresponds to a first ratio

of the present invention.
[0057] A dimming signal (Sd) is supplied to the twenty-
second pin (P422) of the microcomputer (IC4) through
the connector (CN3), and the microcomputer (IC4) de-
tects an ON duty (Don1) (an ON pulse width) of the dim-
ming signal (Sd). Based on the ON duty (Don1), the mi-
crocomputer (IC4) decides an ON pulse width (Ton) (an
ON width) of a first control signal (S1) and an ON duty
[0058] (Don2) of a second control signal (S2). As
shown in FIG. 3, the first control signal (S1) is formed of
a rectangular-wave signal having an (first) oscillating fre-
quency of , e.g., 30kHz (a period of 33.3ms) and an am-
plitude (a voltage value) of, e.g., 5V
[0059] The microcomputer (IC4) sets an ON pulse
width (Ton) of the first control signal (S1) to, e.g., 7ms if
an ON duty (Don1) of the dimming signal (Sd) is in 0-5%.
[0060] The microcomputer (IC4) sets an ON duty
(Don2) of the second control signal (S2) to 0% to (turn
or) keep the switching device (Q2) turned off if an ON
duty (Don1) of the dimming signal (Sd) is in 0-50%.
[0061] The first control signal (S1) is supplied to the
drive circuit (IC5) that amplifies the first control signal
(S1) so that an amplitude of the signal (S1) becomes,
e.g., 15V, and supplies the amplified signal (S1) to the
gate of the switching device (Q1) in the flyback converter
circuit 5. The switching device (Q1) is accordingly turned
on and off in synchronization with a level of the first control
signal (S1). When an ON pulse width (Ton) of the first
control signal (S1) is 7ms, an electric current through the
light source unit 9 is set to 300mA and the light source
unit 9 is in full lighting state (namely, driven at full power
or rated power).
[0062] An operation when an ON duty (Don1) of the
dimming signal (Sd) is 5% or more is next explained. The
microcomputer (IC4) more decreases an ON pulse width
(Ton) of the first control signal (S1) from 7ms as an ON
duty (Don1) of the dimming signal (Sd) is more increased
than 5%, and sets an ON pulse width (Ton) of the first
control signal (S1) to, e.g., 0.5ms (an lower limit) if an ON
duty (Don1) of the dimming signal (Sd) becomes 50%.
Accordingly, an ON pulse width of a drive signal supplied
to the switching device (Q1) is more decreased as an
ON duty (Don1) of the dimming signal (Sd) is more in-
creased than 5%, and therefore a load current supplied
to the light source unit 9 is also more decreased. When
an ON pulse width (Ton) of the first control signal (S1) is
0.5ms, a load current is set (regulated) to 8mA (a dimming
ratio of 3%). In this instance, a high-frequency electric
current of 30kHz flows through the first secondary wind-
ing (N2) of the transformer (T1), but the current is
smoothed with the capacitor (C13) and accordingly a load
current through the light source unit 9 becomes a direct
current almost without ripple, and does not interfere with
video cameras. This advantage can be obtained if ca-
pacity of the capacitor (C13) is 1mF or more.
[0063] An operation when an ON duty (Don1) of the
dimming signal (Sd) is 50% or more is next explained.
With the ON pulse width (Ton) of the first control signal
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(S1) kept 0.5ms, the microcomputer (IC4) more increases
an ON duty (Don2) of the second control signal (S2) as
an ON duty (Don1) of the dimming signal (Sd) is more
increased than 50%.
[0064] The second control signal (S2) is formed of a
rectangular-wave signal having an (second) oscillating
frequency of, e.g., 5kHz that is lower than that of the first
control signal (S1), and the microcomputer (IC4) decom-
poses one period (cycle) of the second control signal (S2)
into 1000 steps (1 step = 200ns) and controls an ON duty
(Don2) of the second control signal (S2) at intervals of
200ns. The microcomputer (IC4) more increases an ON
duty (Don2) of the second control signal (S2) from 0%
as an ON duty (Don1) of the dimming signal (Sd) is more
increased from 50%. If an ON duty (Don1) of the dimming
signal (Sd) becomes 95%, the microcomputer (IC4) sets
an ON duty (Don2) of the second control signal (S2) to
100%. In the embodiment, if an ON duty (Don1) of the
dimming signal (Sd) becomes 95%, the microcomputer
(IC4) sets the first control signal (S1) to a low level and
deactivates the flyback converter circuit 5, thereby turn-
ing the light source unit 9 off.
[0065] That is, an ON duty (Don1) of the dimming signal
(Sd) is increased from 50% and an ON duty (Don2) of
the second control signal (S2) is increased, and thereby
an ON duty of the switching device (Q2) in the current
regulation circuit 6 is increased as well.
[0066] If the switching device (Q2) is turned on, an elec-
tric current flows from the flyback converter circuit 5 to-
ward the resistors (R19 and R10) and the switching de-
vice (Q2), and accordingly a load current supplied from
the flyback converter circuit 5 to the light source unit 9 is
reduced by the shunt (by moving to a path of resistors
(R19 and R10) and the switching device (Q2)). It is there-
fore possible to variably control the load current by con-
trolling an ON duty of the switching device (Q2). Accord-
ingly, an ON duty (Don2) of the second control signal
(S2) (an ON duty of the switching device (Q2)) is in-
creased and a load current through the light source unit
9 is decreased, and thereby a dimming ratio of the light
source unit 9 can be further decreased from 3% (a load
current of 8mA).
[0067] While a forward voltage (Vf) applied to the light
source unit 9 is kept, only the load current is reduced by
the shunt. Therefore, even when a comparatively small
load current (e.g., a load current of 8mA or less) flows
through the light source unit 9, lighting states of the light
emitting diodes (LD1) in the light source unit 9 are each
stabled, and dispersion in brightness among them is sup-
pressed.
[0068] There is no extreme change in brightness even
though the switching device (Q2) starts to be turned on
and off, and an accurate dimming control is subsequently
possible, because the microcomputer (IC4) controls an
ON duty of the switching device (Q2) at constant intervals
shorter than one period of the second control signal (S2)
(e.g., at intervals of 200ns). In the embodiment, an ON
duty of the switching device (Q2) is controlled at a rate

of 200ns, but the embodiment is not limited to such a
rate. Each step can be changed by the program for the
microcomputer (IC4), and accordingly a desired dimming
curve can be obtained. In the embodiment, since the mi-
crocomputer (IC4) controls ON and OFF of the switching
devices (Q1 and Q2), it is possible to easily change set-
tings of ON and OFF of the switching devices (Q1 and
Q2) by changing only settings in the program.
[0069] In the embodiment, an oscillating frequency of
the second control signal (S2) for controlling ON and OFF
of the switching device (Q2) is set to 5kHz higher than
that corresponding to a shutter speed of video equipment
such as a video camera. Therefore, even if a load current
having ripples is supplied to the light source unit 9, it is
possible to suppress the interference with the video cam-
era. In confirmatory experiment, no flicker or the like oc-
curred in video shoot even if a shutter speed of a video
camera is 1/8000 of a second.
[0070] Conventionally, there is a problem that a trans-
former buzzing noise occurs if a converter circuit is inter-
mittently driven at a few kHz, in order to prevent the in-
terference with video cameras. In the embodiment, the
problem can be solved because the flyback converter
circuit 5 continuously operates even when luminous flux
with respect to the light source unit 9 is low.
[0071] In the embodiment, the dimming signal (Sd) is
a rectangular-wave signal, but the embodiment is not lim-
ited to this. For example, the embodiment may be con-
figured so that a dimming signal (Sd) is formed of a direct-
current voltage of which voltage value is changed in ac-
cordance with a target dimming signal, and the micro-
computer (IC4) reads the change of the voltage value.
The embodiment may be also configured so that an in-
frared receiving device is provided and a dimming control
is performed by an infrared signal.

(SECOND EMBODIMENT)

[0072] FIG. 4 shows a circuit diagram of a drive device
10 in accordance with a second embodiment of the
present invention. For the purpose of clarity, like kind
elements are assigned the same reference numerals as
depicted in the first embodiment.
[0073] A current regulation circuit 6 of the embodiment
shares a first secondary winding (N2) (an inductor) of a
transformer (T1) with a flyback converter circuit 5, and
the following configuration is added to the current regu-
lation circuit 6.
[0074] The current regulation circuit 6 further includes
a switching device (Q4) (a third switching device), resis-
tors (R35-R40), a photo-coupler (IC7), capacitors (C21
and C22), and a diode (D8). A series circuit of the resis-
tors (R35 and R36) as an impedance component and the
switching device (Q4) is connected in parallel with the
smoothing capacitor (C13).
[0075] The photo-coupler (IC7) has first to sixth pins
(P71-P76) other than a second pin, and is configured to
turn the switching device (Q4) on and off in accordance

13 14 



EP 2 587 890 B1

9

5

10

15

20

25

30

35

40

45

50

55

with a third control signal (S3) supplied from the micro-
computer (IC4). That is, the photo-coupler (IC7) turns the
switching device (Q4) on and off with the photo-coupler
insulated from an output of the microcomputer (IC4). The
first pin (P71) is an anode terminal of a built-in diode, and
connected to the fifteenth pin (P415) of the microcom-
puter (IC4) through the resistor (R37). The third pin (P73)
is a cathode terminal of the built-in diode, and connected
to the second end of the first secondary winding (N2) of
the transformer (T1). The fourth pin (P74) is a ground
terminal, and connected to the second end of the first
secondary winding (N2) of the transformer (T1). The fifth
pin (P75) is an output terminal, and a series circuit of the
resistor (R38) of, e.g., 100Ω and the resistor (R39) of,
e.g., 15kΩ is connected between the fourth and fifth pins
(P74 and P75), and a junction of the resistors (R38 and
R39) is connected to the gate terminal of the switching
device (Q4). The sixth pin (P76) is a power terminal, and
can obtain a power supply voltage though the second
secondary winding (N3) of the transformer (T1). A series
circuit of the resistor (R40) of, e.g., 100Ω and the capac-
itor (C21) is connected in parallel with the capacitor
(C15), and the sixth pin (P76) is connected to a junction
of the resistor (R40) and the capacitor (C21). An output
of the second secondary winding (N3) is commutated
and smoothed and then power is supplied to the sixth pin
(P76). A series circuit of the capacitor (C22) and the diode
(D8) is connected between the drain and source of the
switching device (Q4), and the cathode of the diode (D8)
is connected to the source of the switching device (Q4)
and the second end of the first secondary winding (N2)
of the transformer (T1).
[0076] The fifteenth pin (P415) of the microcomputer
(IC4) is connected to ground through the resistor (R41),
and the microcomputer (IC4) is configured to supply the
third control signal (S3) from the fifteenth pin (P415) to
the photo-coupler (IC7), thereby controlling ON and OFF
of the switching device (Q4).
[0077] An operation of the drive device 10 in the em-
bodiment is next explained with reference to FIGS. 5, 6A
and 6B. The first and second control signals (S1 and S2)
supplied from the microcomputer (IC4) are the same as
those of the first embodiment, and accordingly are not
explained in detail.
[0078] The microcomputer (IC4) sets an ON duty
(Don3) of the third control signal (S3) to, e.g., 0% if an
ON duty (Don1) of the dimming signal (Sd) is in 0-50%,
and the switching device (Q4) is (turned or) kept off. If
an ON duty (Don1) of the dimming signal (Sd) is more
increased than 50%, the microcomputer (IC4) sets the
third control signal (S3) so that an (third) oscillating fre-
quency of the signal (S3) becomes, e.g., 120Hz (lower
than the second oscillating frequency) and an ON duty
(Don3) of the signal (S3) becomes, e.g., 50%, thereby
controlling ON and OFF of the switching device (Q4).
That is, when a dimming ratio is lower than 3%, the
switching device (Q4) is turned on and off.
[0079] When the switching device (Q4) is tuned off, an

electric current flows through a path of the resistor (R35),
the resistor (R36) and the capacitor (C22), and the ca-
pacitor (C22) is charged. If a level of the third control
signal (S3) is inverted and the switching device (Q4) is
turned on from the OFF state, the capacitor (C22) is dis-
charged. Accordingly, an electric current flows through
the first secondary winding (N2) (the inductor) of the
transformer (T1) through the switching device (Q4) from
the capacitor (C22), and thereby induced power gener-
ates at the first secondary winding (N2) and a pulse volt-
age is superposed on a voltage across the capacitor
(C13). The capacitor (C22) may have a small capacity
(e.g., pF order) such that a pulse voltage can be applied
when the switching device (Q4) is turned on from the
OFF state.
[0080] As shown in FIG. 6A, a forward voltage (Vf) ap-
plied to the light source unit 9 has a waveform in which
a pulse voltage of approximately several ns to several
hundred ns is superposed on a voltage across the ca-
pacitor (C13) during dimming by discharge of the capac-
itor (C22) with a period of 120Hz. Accordingly, as shown
in FIG. 6B, the forward voltage (Vf) applied to the light
source unit 9 can be periodically shifted from an operating
point (P) to an operating point (Q), wherein in the oper-
ating point (P), a small forward current (If) flows through
the light source unit 9 and the light output has large dis-
persion in brightness, while in the operating point (Q), a
large forward current (If) flows through the light source
unit 9 and the light output has small dispersion in bright-
ness. Accordingly, in the embodiment, it is possible to
further suppress dispersion in brightness with respect to
each light emitting diode (LD1) of the light source unit 9
when the dimming ratio is 3% or less (low luminous flux
in case of a load current of 8mA or less). Larger advan-
tage can be obtained as ON and OFF frequency of the
switching device (Q4) is lower. In the embodiment, the
oscillating frequency of the third control signal (S3) is set
to 120Hz in order to avoid invisible flicker to human eyes,
but may be set to more than 120Hz.
[0081] In the embodiment, the switching device (Q4)
starts to be turned on and off at the same timing as a
timing at which the switching device (Q2) starts to be
turned on and off (a dimming ratio of 3% or less (a load
current of 8mA or less)), but the embodiment is not limited
to this. For example, the aforementioned advantage can
be obtained by turning the light source unit 9 on up to
extremely low luminous flux that a load current through
the unit 9 becomes 200mA (a value corresponding to a
second ratio) or less, and to start turning the switching
device (Q4) on and off before the light emitting diodes
(LD1) each have dispersion in brightness. That is, the
control unit 7 is configured: to keep the switching device
(Q4) turned off when the dimming ratio of the light source
unit 9 is higher than the second ratio; and to control ON
and OFF of the switching device (Q4) when the dimming
ratio of the light source unit 9 is lower than the second
ratio. In other words, when the dimming ratio of the light
source unit 9 is lower than the second ratio, the control
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unit 7 turns the switching device (Q4) on and off through
a driver (the photo-coupler (IC7)). A timing at which the
switching device (Q4) starts to be turned on and off is
controlled through the microcomputer (IC4), and accord-
ingly can be easily changed by the program.

(THIRD EMBODIMENT)

[0082] Each drive device 10 in the first and second
embodiments includes, as a converter circuit, a flyback
type of DC/DC converter circuit (a flyback converter cir-
cuit 5), but may include a forward type of DC/DC con-
verter circuit in place of the flyback type of DC/DC con-
verter circuit.
[0083] The converter circuit is not limited to the afore-
mentioned insulation type of converter circuit. For exam-
ple, the converter circuit may be a non-insulation type of
converter circuit as shown in FIGS. 7A-7D.
[0084] FIG. 7A shows a buck chopper circuit 5a formed
of: a series circuit of a capacitor (Ca), an inductor (La)
and a switching device (Qa); and a diode (Da) connected
in parallel with a series circuit of the capacitor (Ca) and
the inductor (La). Input terminals (TA and TB) of the buck
chopper circuit 5a are both ends of the series circuit of
the capacitor (Ca), the inductor (La) and the switching
device (Qa), and output terminals (TC and TD) of the
circuit 5a are both ends of the capacitor (Ca).
[0085] FIG. 7B shows a buck chopper circuit 5b formed
of: a series circuit of a switching device (Qb), an inductor
(Lb) and a capacitor (Cb); and a diode (Db) connected
in parallel with a series circuit of the inductor (Lb) and
the capacitor (Cb). Input terminals (TA and TB) of the
buck chopper circuit 5b are both ends of the series circuit
of the switching device (Qb), the inductor (Lb) and the
capacitor (Cb), and output terminals (TC and TD) of the
circuit 5b are both ends of the capacitor (Cb).
[0086] FIG. 7C shows a boost chopper circuit 5c
formed of: a series circuit of an inductor (Lc) and a switch-
ing device (Qc); and a series circuit of a diode (Dc) and
a capacitor (Cc), connected in parallel with the switching
device (Qc). Input terminals (TA and TB) of the boost
chopper circuit 5c are both end of the series circuit of the
inductor (Lc) and the switching device (Qc), and output
terminals (TC and TD) of the circuit 5c are both ends of
the capacitor (Cc).
[0087] FIG. 7D shows a boost chopper circuit 5d
formed of: a series circuit of an inductor (Ld) and a switch-
ing device (Qd); and a series circuit of a diode (Dd) and
a capacitor (Cd), connected in parallel with the inductor
(Ld). Input terminals (TA and TB) of the boost chopper
circuit 5d are both ends of the inductor (Ld) and the
switching device (Qd), and output terminals (TC and TD)
are both ends of the capacitor (Cd).
[0088] In any one of FIGS. 7A-7D, a switching device
(Qa, Qb, Qc or Qd) is turned on and off at a high frequen-
cy, and thereby a direct-current voltage applied across
input terminals (TA and TB) is voltage-converted and out-
putted from output terminals (TC and TD). Any configu-

ration in the first and second embodiments can be applied
to a configuration after a capacitor (Ca, Cb, Cc or Cd).
[0089] FIG. 8 shows a schematic diagram of a lighting
fixture in accordance with an embodiment of the present
invention. A drive device 10 in first or second embodiment
is employed as a drive device 10 in the present embod-
iment. As shown in FIG. 8, the lighting fixture in the em-
bodiment is a separate power supply type that a direct-
current power supply and the drive device 10 are placed
separately from a light source unit 9. A fixture body 11 in
which the light source unit 9 is placed is buried in a ceiling
13. Accordingly, the fixture body 11 including the light
source unit 9 can be made thin in appearance, and the
drive device 10 as a power supply unit placed separately
from the light source unit 9 can be located without limi-
tation of installation place.
[0090] The fixture body 11 is made of metal such as,
fro example, aluminum die-casting, and is in the shape
like a cylinder having an upper base and a lower opening.
The light source unit 9 includes a substrate 9A mounted
on an inner face of the upper base of the fixture body 11,
and a plurality of (in the figure, three) light emitting diodes
(LD1) mounted on a lower surface of the substrate 9A.
Each illumination axis of the light emitting diodes (LD1)
is aimed downward so that its own light is irradiated from
the lower end of the fixture body 11 to an exterior space.
A translucent board 11A for diffusing light from each light
emitting diode (LD1) is provided at the lower opening of
the fixture body 11. The drive device 10 is located at a
different place from the fixture body 11 above the ceiling
11 (specifically, a back side (an upper surface) of the
ceiling 11), and electrically connected to the light source
unit 9 through a connector 12A and lead wires.
[0091] In the embodiment, the drive device 10 that is
the same as that in first or second embodiment is em-
ployed, and accordingly an advantage that is the same
as that in first or second embodiment can be obtained.
In the embodiment, the lighting fixture is the separate
power supply type that the power supply and the drive
device 10 are placed separately from the light source unit
9, but may be an all-in-one type that the drive device 10
is built in the fixture body 11 along with the light source
unit 9.
[0092] Each drive device 10 in the aforementioned em-
bodiments is not limited to the aforementioned lighting
fixture. For example, such a drive device 10 may be em-
ployed as a drive device for a backlight of a liquid crystal
display, or a light source of a device such as a copy ma-
chine, a scanner, a projector or the like. In the aforemen-
tioned embodiments, each light emitting element of the
light source unit 9 is a light emitting diode (LD), but no
limited to this. For example, organic EL devices or sem-
iconductor laser devices may be employed as the light
emitting elements of the light source unit 9. In addition,
each switching device is not limited to a MOSFET. A bi-
polar transistor to which a diode is connected in inverse-
parallel, an insulated gate bipolar transistor (IGBT) or the
like may be employed as such a switching device.
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[0093] Although the present invention has been de-
scribed with reference to certain preferred embodiments,
numerous modifications and variations can be made by
those skilled in the art without departing from the scope
of the claims.

Claims

1. A semiconductor light emitting element drive device,
comprising:

a direct-current power supply circuit (1 , 2 and
3) configured to output direct-current power; and
a converter circuit (5) comprising a first switching
device (Q1) and a transformer (T1),
the converter circuit (5) being configured to input
the power outputted from the direct-current pow-
er supply circuit (1 , 2, 3) to variably control an
ON width of the first switching device (Q1), to
thereby cause the converter circuit (5) to supply
a load current to a light source unit (9) compris-
ing light emitting elements (LD1);
characterized in that the semiconductor light
emitting element drive device further comprises;
a current regulation circuit (6) comprising a se-
ries circuit, of an impedance component (R19,
R20) and a second switching device (Q2), con-
nected in parallel with the light source unit (9),
said current regulation circuit (6) being config-
ured to variably control the load current through
the light source unit (9) by regulation of an ON
width of the second switching device (Q2); and
a control unit (7) configured to control ON and
OFF of the first and second switching devices
(Q1 and Q2),
wherein the control unit (7) is configured,

(a) if a dimming ratio corresponding to a light
output of the light source unit (9) is higher
than a first ratio, to increase the ON width
of the first switching device (Q1) with the
second switching device (Q2) kept off when
increasing the dimming ratio corresponding
to the light output of the light source unit (9),
and also to decrease the ON width of the
first switching device (Q1) with the second
switching device (Q2) kept off when de-
creasing the dimming ratio corresponding
to the light output of the light source unit (9),
and also
(b) if a dimming ratio corresponding to a light
output of the light source unit (9) is lower
than the first ratio, to regulate the ON width
of the second switching device (Q2) with the
ON width of the first switching device (Q1)
held at a lower limit,

thereby controlling the dimming ratio corre-
sponding to the light output of the light source
unit (9).

2. The semiconductor light emitting element drive de-
vice of claim 1,
wherein the current regulation circuit (6) comprises:

a series circuit, of an impedance component
(R35, R36) and a capacitor (C22), connected in
parallel with the light source unit (9);
a third switching device (Q4) adapted to dis-
charge the capacitor (C22) when the third
switching device is turned on; and
an inductor (N2) placed along a discharge path
of the capacitor (C22),
wherein if the dimming ratio corresponding to
the light output of the light source unit (9) is lower
than the first ratio, a pulse voltage derived from
an induced power of the inductor (N2) generated
when the third switching device (Q4) discharges
the capacitor (C22) is superposed on an output
of the converter circuit (5).

3. The semiconductor light emitting element drive de-
vice of claim 1 or 2, wherein an ON and OFF fre-
quency of the second switching device (Q2) is set to
a higher frequency than that corresponding to a vid-
eo equipment’s shutter speed.

4. The semiconductor light emitting element drive de-
vice of claim 2, wherein an ON and OFF frequency
of the third switching device (Q4) is set to 120 Hz or
more.

5. The semiconductor light emitting element drive de-
vice of claim 2 or 4, wherein the control unit (7) is
configured:

to keep the third switching device (Q4) turned
off if the dimming ratio corresponding to the light
output of the light source unit (9) is higher than
a second ratio; and also
to control ON and OFF of the third switching de-
vice (Q4) if the dimming ratio corresponding to
the light output of the light source unit (9) is lower
than the second ratio.

6. The semiconductor light emitting element drive de-
vice of any one of claims 2, 4 and 5, wherein the
control unit (7) comprises a microcomputer (IC4)
configured to control ON and OFF of at least one of
the first to third switching devices (Q1, Q2, Q4) based
on a dimming signal from outside.

7. A lighting fixture, comprising the semiconductor light
emitting element drive device of any one of claims
1-6,
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wherein the lighting fixture comprises:

the light source unit (9) which comprises light
emitting elements and is adapted to be driven
with the semiconductor light emitting element
drive device; and
a fixture body in which the semiconductor light
emitting element drive device (10) and the light
source unit (9) are placed.

Patentansprüche

1. Halbleiter-Lichtemittierelement-Ansteuereinrich-
tung, die Folgendes umfasst:

eine Gleichstromleistungsversorgungsschal-
tung (1, 2 und 3), die konfiguriert ist zum Aus-
geben einer Gleichstromleistung; und
eine Wandlerschaltung (5), die eine erste
Schalteinrichtung (Q 1) und einen Transforma-
tor (T1) umfasst, wobei die Wandlerschaltung
(5) konfiguriert ist zum Eingeben der von der
Gleichstromleistungsversorgungsschaltung (1,
2, 3) ausgegebenen Leistung zum variablen
Steuern einer EIN-Breite der ersten Schaltein-
richtung (Q1), um dadurch zu bewirken, dass
die Wandlerschaltung (5) einen Laststrom an ei-
ne Lichtquelleneinheit (9) liefert, die Lichtemit-
tierelemente (LD1) umfasst;
dadurch gekennzeichnet, dass die Halbleiter-
Lichtemittierelement-Ansteuereinrichtung wei-
terhin folgendes umfasst:

eine Stromregelschaltung (6), die eine Rei-
henschaltung aus einer Impedanzkompo-
nente (R19, R20) und einer zweiten Schalt-
einrichtung (Q2) umfasst, parallel zu der
Lichtquelleneinheit (9) geschaltet, wobei
die Stromregelschaltung (6) konfiguriert ist
zum variablen Steuern des Laststroms
durch die Lichtquelleneinheit (9) durch Re-
geln einer EIN-Breite der zweiten Schaltein-
richtung (Q2); und
eine Steuereinheit (7), die konfiguriert ist
zum Steuern des EIN und AUS der ersten
und zweiten Schalteinrichtung (Q1 und Q2),
wobei die Steuereinheit (7) konfiguriert ist

(a) falls ein Dimmverhältnis entspre-
chend einer Lichtabgabe der Lichtquel-
leneinheit (9) größer ist als ein erstes
Verhältnis, zum Vergrößern der EIN-
Breite der ersten Schalteinrichtung
(Q1) bei ausgeschaltet gehaltener
zweiter Schalteinrichtung (Q2), wenn
das Dimmverhältnis entsprechend der
Lichtabgabe der Lichtquelleneinheit (9)

vergrößert wird, und auch zum Verklei-
nern der EIN-Breite der ersten Schalt-
einrichtung (Q1) bei ausgeschaltet ge-
haltener zweiter Schalteinrichtung
(Q2), wenn das Dimmverhältnis ent-
sprechend der Lichtabgabe der Licht-
quelleneinheit (9) verringert wird, und
auch
(b) falls ein Dimmverhältnis entspre-
chend einer Lichtabgabe der Lichtquel-
leneinheit (9) niedriger ist als das erste
Verhältnis, zum Regeln der EIN-Breite
der zweiten Schalteinrichtung (Q2) bei
auf einer niedrigeren Grenze gehalte-
ner EIN-Breite der ersten Schaltein-
richtung (Q1),

wodurch das Dimmverhältnis entsprechend
der Lichtabgabe der Lichtquelleneinheit (9)
gesteuert wird.

2. Halbleiter-Lichtemittierelement-Ansteuereinrich-
tung nach Anspruch 1,
wobei die Stromregelschaltung (6) folgendes um-
fasst:

eine Reihenschaltung aus einer Impedanzkom-
ponente (R35, R36) und einem Kondensator
(C22), parallel zu der Lichtquelleneinheit (9) ge-
schaltet;
eine dritte Schalteinrichtung (Q4), ausgelegt
zum Entladen des Kondensator (C22), wenn die
dritte Schalteinrichtung eingeschaltet ist; und
einen Induktor (N2), der entlang eines Entlade-
wegs des Kondensators (C22) angeordnet ist,
wobei, falls das Dimmverhältnis entsprechend
der Lichtabgabe der Lichtquelleneinheit (9)
niedriger ist als das erste Verhältnis, eine Im-
pulsspannung, die von einer induzierten Leis-
tung des Induktors (N2) abgeleitet ist, die gene-
riert wird, wenn die dritte Schalteinrichtung (Q4)
den Kondensator (C22) entlädt, einer Ausgabe
der Wandlerschaltung (5) überlagert wird.

3. Halbleiter-Lichtemittierelement-Ansteuereinrich-
tung nach Anspruch 1 oder 2, wobei eine EIN- oder
AUS-Frequenz der zweiten Schalteinrichtung (Q2)
auf eine höhere Frequenz eingestellt ist als die ent-
sprechend der Verschlussgeschwindigkeit eines Vi-
deogeräts.

4. Halbleiter-Lichtemittierelement-Ansteuereinrich-
tung nach Anspruch 2, wobei eine EIN- und AUS-
Frequenz der dritten Schalteinrichtung (Q4) auf 120
Hz oder mehr eingestellt ist.

5. Halbleiter-Lichtemittierelement-Ansteuereinrich-
tung nach Anspruch 2 oder 4, wobei die Steuerein-
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heit (7) konfiguriert ist:

zum Ausgeschaltet-Halten der dritten Schaltein-
richtung (Q4), falls das Dimmverhältnis entspre-
chend der Lichtabgabe der Lichtquelleneinheit
(9) höher ist als ein zweites Verhältnis; und auch
zum Steuern des EIN und AUS der dritten
Schalteinrichtung (Q4), falls das Dimmverhält-
nis entsprechend der Lichtabgabe der Licht-
quelleneinheit (9) niedriger ist als das zweite
Verhältnis.

6. Halbleiter-Lichtemittierelement-Ansteuereinrich-
tung nach einem der Ansprüche 2, 4 und 5, wobei
die Steuereinheit (7) einen Mikrocomputer (IC4) um-
fasst, der konfiguriert ist zum Steuern das EIN oder
AUS mindestens einer der ersten bis dritten Schalt-
einrichtung (Q1, Q2, Q4) auf der Basis eines Dimm-
signals von außen.

7. Leuchte, die die Halbleiter-Lichtemittierelement-An-
steuereinrichtung nach einem der Ansprüche 1 - 6
umfasst,
wobei die Leuchte Folgendes umfasst:

die Lichtquelleneinheit (9), die Lichtemittierele-
mente umfasst und ausgelegt ist, um mit der
Halbleiter-Lichtemittierelement-Ansteuerein-
richtung angesteuert zu werden; und
einen Leuchtenkörper, in dem die Halbleiter-
Lichtemittierelement-Ansteuereinrichtung (10)
und die Lichtquelleneinheit (9) angeordnet sind.

Revendications

1. Dispositif de commande d’éléments électrolumines-
cents à semi-conducteurs, comprenant :

un circuit d’alimentation continue (1, 2 et 3) con-
figuré pour délivrer une puissance continue ; et
un circuit convertisseur (5) comprenant un pre-
mier dispositif de commutation (Q1) et un trans-
formateur (T1), le circuit convertisseur (5) étant
configuré pour recevoir la puissance délivrée
par le circuit d’alimentation continue (1, 2, 3)
pour commander de manière variable une durée
de fermeture du premier dispositif de commuta-
tion (Q1), pour amener de ce fait le circuit con-
vertisseur (5) à fournir un courant de charge à
une unité de source de lumière (9) comprenant
des éléments électroluminescents (LD1) ;
caractérisé en ce que le dispositif de comman-
de d’éléments électroluminescents à semi-con-
ducteurs comprend en outre :

un circuit de régulation de courant (6) com-
prenant un circuit série, d’un composant

d’impédance (R19, R20) et d’un deuxième
dispositif de commutation (Q2), connecté
en parallèle avec l’unité de source de lumiè-
re (9), ledit circuit de régulation de courant
(6) étant configuré pour commander de ma-
nière variable le courant de charge à travers
l’unité de source de lumière (9) par la régu-
lation d’une durée de fermeture du deuxiè-
me dispositif de commutation (Q2) ; et
une unité de commande (7) configurée pour
commander la fermeture et l’ouverture des
premier et deuxième dispositifs de commu-
tation (Q1 et Q2),
dans lequel l’unité de commande (7) est
configurée,

(a) si un rapport de gradation corres-
pondant à une sortie de lumière de l’uni-
té de source de lumière (9) est supé-
rieur à un premier rapport, pour aug-
menter la durée de fermeture du pre-
mier dispositif de commutation (Q1) en
maintenant le deuxième dispositif de
commutation (Q2) ouvert lors de l’aug-
mentation du rapport de gradation cor-
respondant à la sortie de lumière de
l’unité de source de lumière (9), et éga-
lement pour diminuer la durée de fer-
meture du premier dispositif de com-
mutation (Q1) en maintenant le deuxiè-
me dispositif de commutation (Q2)
ouvert lors de la diminution du rapport
de gradation correspondant à la sortie
de lumière de l’unité de source de lu-
mière (9), et également
(b) si un rapport de gradation corres-
pondant à une sortie de lumière de l’uni-
té de source de lumière (9) est inférieur
au premier rapport, pour réguler la du-
rée de fermeture du deuxième dispositif
de commutation (Q2) en maintenant la
durée de fermeture du premier dispo-
sitif de commutation (Q1) à une limite
inférieure,

commandant de ce fait le rapport de grada-
tion correspondant à la sortie de lumière de
l’unité de source de lumière (9).

2. Dispositif de commande d’éléments électrolumines-
cents à semi-conducteurs selon la revendication 1,
dans lequel le circuit de régulation de courant (6)
comprend :

un circuit série, d’un composant d’impédance
(R35, R36) et d’un condensateur (C22), connec-
té en parallèle avec l’unité de source de lumière
(9) ;
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un troisième dispositif de commutation (Q4)
conçu pour décharger le condensateur (C22)
lorsque le troisième dispositif de commutation
est fermé ; et
une inductance (N2) placée le long d’un trajet
de décharge du condensateur (C22),
dans lequel, si le rapport de gradation corres-
pondant à la sortie de lumière de l’unité de sour-
ce de lumière (9) est inférieur au premier rap-
port, une impulsion de tension dérivée d’une
puissance induite de l’inductance (N2) générée
lorsque le troisième dispositif de commutation
(Q4) décharge le condensateur (C22) est super-
posée à une sortie du circuit convertisseur (5).

3. Dispositif de commande d’éléments électrolumines-
cents à semi-conducteurs selon la revendication 1
ou 2, dans lequel une fréquence de fermeture et
d’ouverture du deuxième dispositif de commutation
(Q2) est fixée à une fréquence supérieure à celle
correspondant à une vitesse d’obturateur de l’équi-
pement vidéo.

4. Dispositif de commande d’éléments électrolumines-
cents à semi-conducteurs selon la revendication 2,
dans lequel une fréquence de fermeture et d’ouver-
ture du troisième dispositif de commutation (Q4) est
fixée à 120 Hz ou plus.

5. Dispositif de commande d’éléments électrolumines-
cents à semi-conducteurs selon la revendication 2
ou 4, dans lequel l’unité de commande (7) est
configurée :

pour maintenir le troisième dispositif de commu-
tation (Q4) ouvert si le rapport de gradation cor-
respondant à la sortie de lumière de l’unité de
source de lumière (9) est supérieur à un deuxiè-
me rapport ; et également
pour commander la fermeture et l’ouverture du
troisième dispositif de commutation (Q4) si le
rapport de gradation correspondant à la sortie
de lumière de l’unité de source de lumière (9)
est inférieur au deuxième rapport.

6. Dispositif de commande d’éléments électrolumines-
cents à semi-conducteurs selon l’une quelconque
des revendications 2, 4 et 5, dans lequel l’unité de
commande (7) comprend un micro-ordinateur (IC4)
configuré pour commander la fermeture et l’ouver-
ture d’au moins l’un des premier à troisième dispo-
sitifs de commutation (Q1, Q2, Q4) sur la base d’un
signal de gradation provenant de l’extérieur.

7. Accessoire d’éclairage, comprenant le dispositif de
commande d’éléments électroluminescents à semi-
conducteurs selon l’une quelconque des revendica-
tions 1 à 6,

dans lequel l’accessoire d’éclairage comprend :

l’unité de source de lumière (9) qui comprend
des éléments électroluminescents et qui est
conçue pour être commandée par le dispositif
de commande d’éléments électroluminescents
à semi-conducteurs ; et
un corps d’accessoire dans lequel le dispositif
de commande d’éléments électroluminescents
à semi-conducteurs (10) et l’unité de source de
lumière (9) sont placés.
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